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Tefrahydroquinoline derivatives 

The inventton relates to a compound having FSH receptor modulatoiy activity, in 
particular a tetrahydroquinoline derivative, to a pharmaceutical composition contaming 
the same^ as well as fhe use of said conq»ound in medical therapy. 

Gonadotropins serve inqxHrtant fimctions in a variety of bodily functions including 
metabolism, temperature regulation and fhe reproductive process. Gonadotropins act on 
specific gonadal cell types to initiate ovarian and testicular differentiation and 
steroidogenesis. The hypophyseal gonadotropin FSH (follicle stimulating hormone) for 
example plays a pivotal role in the stimulation of follicle development and maturation 
whereas LH (luteinizing hormone) induces ovulation (Sharp, RM. Clin Bndocrinol. 
33:787-807, 1990; Dorrington and Armstrong, Recent Prog. Honn. Res. 35:301- 
342,1979). Currently, FSH is applied clinically, in combination with LH or hCG, for 
ovarian stimulation Le. ovarian hyperstimulati<m for in vitro fertilisation (TVF) and 
induction of ovulation in infertile anovulatory women (Insler, V., Int J. Fertility 33:85- 
97, 1988, Navot and Rosenwaks, J. Vitro Fert Embryo Transfer 5:3-13, 1988), as well 
as for male hypogonadism and male infertility. 

The gonadotropin FSH is released from the anterior pituitary under the influence of 
gonadotropin-releasing hormone and oestcogens, and from the placenta during 
pregnancy. In the female, FSH acts on the ovaries promoting development of follicles 
and is the major hormone regulating secretion of oestrogens. In the male, FSH is 
responsible for the integrity of the seminiferous tubules and acts on Sertoli cells to 
si^port ^tmetogenesis. Purified FSH is used clinically to treat infertility in females and 
for some types of fiilure of spermatogenesis in males. Gonadotropins destined for 
therapeutic purposes can be isolated from human mine sources and are of low purity 
(Morse et al, Amer. J. Reproduct. Immunol and Microbiology 17:143, 1988). 
Alternatively, they can be prepared as recombinant gonadotropins. Recombinant 
human FSH is available commercially and is being used in assisted reproduction 
(Olijve et al. MoL Hum. Reprod. 2:371, 1996; Devroey et al. Lancet 339:1170, 1992). 
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The actions of fhe FSH homone are mediated by a specific plasma membrane receptor 
that is a member of the lar^ fiimily of O-protem coiqpled receptors. These receptors 
consist of a single polypeptide wiOi seven transmembrane domains and are able to 
5 interact mth the Gs protein, leading e.g. to the activation of adenylate cyclase. 

The FSH receptor is a highly spedfic taiget in the ovarian follicle growth process and 
is exclusively expressed in tiie ovaiy. Bloddng this receptor or inhibiting the signaling 
which is nonnally induced aftar FSH-mediated receptor activaticm will disturb follicle 
development and thus ovulation and fertility. Low molecular weight FSH antagonists 
10 could therefore finm the basis for new contraceptives. Such FSH antagonists could 
give rise to diminished follicle development (no ovulation) witii still su£Gicient estrogen 
production left to avoid adverse effects on e.g. bone icnass. On the other hand, 
compounds that stimulate FSH receptor acibrity may serve to mimic the gonadotropic 
effect of the natural ligand. 

15 

The present invention describes the preparation of low molecular weight hormone 
analogs tiiat selectively have modulatory activity on tiie FSH receptor. The compounds 
of tiie invCTtion can either be used as (partial) agonists or (partial) antagonists of the 
FSH-receptor. 

20 

ThuSy it has now been found, that the following class of tetrahydroquinoline 
compounds of formula I or pharmaceutically acceptable salts thereof have FSH- 
modulatoiy activity: 
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Foimulal 

wherein 

R*andR^aieH,Me; 

5 is (2-6C)heterocycloaIkyl(l^C)aIkyl, (2.5C)heteroaiyl(l-4C)alkyl, (6C)aiyl(l. 
4C)alkyl, (l-4Q(di)a]kylaminocaibcmylamino(2-4^^ (^^ 

6C)heterocqrcloal]q^lcarbonylamino(2-4C)a^ R^-(2-4C)alkyl or R^-carbanyl(l- 
4C)alkyl; 

R* is (2-5C)heteioarjd, (6C)aryl, (3-8C)cycloaIkyl, (2-6C)heteroq^cloaIkyl or Cl- 
io 6C)aIkyl 

R^ is (dO(l-4QaIliylaiiiino, (l-4C)alkoxy, amino, hydroxy, (6C)acylaimno, (diX3- 
4C)aIkenylammo, (2-5C9heteroaiyl(l-4C)aIkylammo, (6C)aryl(l-4C)angrlanuno, 
(dO[(l-4Qalko3qr(2-4Qalkyl]ammo, (di)[(l-4Qaniylamino(2-4Qalkyl]amino, 
(di)[amino(2-4Qalkyl]anmio or (di)[hydroxy(2-4C)alkyl]anrino. 

15 

The coix^>oiinds according to the present invention modulate the FSH receptor function 
and can be used for the same clinical purposes as native FSH if they behave like 
agonists, with the advantage that fhey display altered stability properties and may be 
administered differently. If they block the FSH receptor they can be used e.g. as a 
20 contraceptive agent. 

Thus, the FSH-receptor modulators of the present invention may be used for treating 
infertility, for contraception and for treatment of hormone-dependent disorders such as 
breast cancer, prostate cancer, and oidometriosis. 
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The foUovnxLg tenns ate intended to have fhe indicated meanings denoted below as 
used in the specification and claims. 

The teim (l-4C)alkyl as used herein means a branched or imbranched alkyl group 
haying 1-4 carbon atoms^ being mettyl» ethyl, propyl, isopropyl, butyl, sec-butyl and 
5 tert-butyL 

The term (2-4C)a]kyl as used herem means a brandiied or unbranched alkyl group 
having 2-4 carbon atoms, being efliyl, propyl, isopropyl, butyl, sec-butyl and tert-butyL 

The term (l-6C)allsyl as used herein means a branched or unbranched alkyl group 
having 1-6 carbon atoms, for example methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, 
10 tert-butyl and hexyL (l-5C)Alkyl groups are preferred, (l-4C)alkyl being the most 
preferred. 

The term (di)(l-4C)aIkylamino as used herein means an amino group, monosubstituted 
or disubstituted with alkyl groups, each of which contains 1-4 carbon atoms and has the 
same meaning as previously defined. 

15 The term (di)(l-4C)alkenylamino as used herein means an amino group, 
monosubstituted or disubstituted with alkenyl groups, each of which contains 2-4 
carbon atoms such as allyl and 2-butenyl, and has the same meaning as previously 
defined. 

The term (3-8C)cycloaIkyl as used herein means a cycloalkyl group having 3-8 carbon 
20 atoms, being cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyL (3-6C)cycloalkyl groups are preferred. 

The teem (2-6C)heterocycloalkyl as used herein means a heterocycloalkyl group having 
2-6 carbon atoms, preferably 3-S carbon atoms, and at least including one heteroatom 
selected firom N, O and/or S, which may be attached via a heteroatom if feasible, or a 
25 carbon atom. Preferred heteroatoms are N or O. The hetrocycloalkyl group may be 
substituted with a methyl or ethyl group at a carbon atom, or a heteroatom if feasible. 
Most preferred heterocycloalkyl groups are piperidinyl, piperazinyl, morpholinyl, 
pyrrolidinyl and l-methyl-2-piperidinyl. 
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The term (l-4C)alkoxy as used herein means an alkoxy group having 1-4 carbon 
atoms, Ifae all^l moietjr having Ifae same meaning as previously defined. (l-2C)A]kosy 
groups are preferred. 

The term (jSQesryl as used herein means a phenyl group, which may optionally be 
5 substituted with one or more substituents selected from hydro^^, amino, iodo, bromo, 
diloro, fluoro, nitro, trifluoiomethyl, cyano, phenyl, (l-4C)a]kyl, (l-4C)a]ko3iy or (1- 
4C)(df)a]kylamino, Ifae alkyl, alkoxy and (dQalkylamino moieties having the same 
meaning as previously defined, for example phen/l, 3,S-<libromqphenyl, 4-bipheiiyl, 
3,S*dichlorophenyl, 3-bromo-6-mefhylamino-phenyl, 3-chloro-2,6-dimeaioxyph6nyl 
10 and 3,S-dimefhylph6nyL 

The tenn (2-5C)heteroaiyl as used herein means a substituted or unsubstituted aromatic 
group having 2-5 carbon atoms, at least including one heteroatom selected from N, O 
and/or S, like imidazolyl, pyiidyl, pyrimidyl, fhienyl or fiuyl. The substituents on the 
heteroaryl ffoup may be selected from the group of substitumts listed for the (6C)aiyl 
15 group. The heteroaryl group may be attached via a carbon atom or a heteroatom, if 
feasible. Preferred heteroaryl groups are thienyl, fiiryl and pyridyL 

The term (2-6C)heteroc7cloa]kyl(l-4C)alkyl as used herein means a heterocycloalkyl 
groiq> having 2-6 carbon atoms, connected to an alkyl group having 1-4 carbon atoms, 
the heterocycloalkyl group and the alkyl group having die same meaning as previously 
20 defined. 

The term (2-6C^eteroqrcloalkyIcarbonylainino as used h^tein means a 
heterocycloalkyl group having 2-6 carbon atoms, connected to flie caibonyl moiety of a 
carbonylamino group, &e heterocycloalkyl groiip having die same meaning as 
previously defined. 

25 The term (2-6Qheteroc^loaIkylcarbonylaniino(2-4C)alItyl as used herein means a 
heterooycloalkylcarbonylamino group of which the hetmcycloalkyl moiety contains 2- 
6 carbon attxms, connected via tiie amino group to an alkyl group having 2-4 carbon 
atoms, die heterocycloalkylcarbonylamino group and the alkyl group having the same 
meaning as previously defined. 

30 The term (di)(l-4C)alkyIaminocarbonyl as used herein means a (di)a]lQrlamino group, 
die alkyl group(s) of which having 1-4 carbon atoms, connected via the amino group to 
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a carbonyl group, the (dQaUsylanuno gicoup having tibe same meaiimg as previously 
defined. 

The tenn (3-8C)cycloa]kylammocarbonyl as used herdn means a qrcloalkyl group 
having 3-8 carbon atoms, comiected to the amino moiely of an aminocarbonyl group, 
5 fhe c^cloaD^l groiq) having the same meaning as previously defined. 

The term (dQ(l-4Qa]kylaminocarbonylamino as used herein means a (di)a]kylammo 
groiQ), the alkyl group(s) of which having 1-4 carbon atoms, connected via the ammo 
group to the carbonyl moiety of a carbonylamino group, Ifaus providing a urea 
fijnctionality, ttie (di)a]kylamino group having the same meaning as previously defined. 

10 The term (dQ(14Qalkylam]nocarbonylamino(2-4C)alkyl as used herem means a 
(di)alkylaminocarbonylaniino group, the alkyl group(s) of which having 1-4 carbon 
atoms, connected via the amino group to an alkyl groi^ having 2r4 carbon atoms, the 
(dQalkylanimocarbonylamino groi^ and the alkyl group having the same meaning as 
previously defined. 

15 The term (2-5C)heteroaxyl(l-4C)aIkyl as used herein means a heteroaryl group having 
2-5 carbon atoms connected to an alkyl group having 14 carbon atoms, the heteroaryl 
group and the alkyl group having the same meaning as previously defined. 

The term (6C)aiyl(14C)alkyl as used herein means phenyl group, optionally 
substituted with one or more substituents selected fi-om the group of substituents listed 
20 for the (6C)aryl &o\jp, connected to an alkyl group having 14 carbon atoms, the aiyl 
group and the alkyl group having the same meaning as previously defined. 

The term (6C)aiylamino as used herein means phenyl group, optionally substituted 
with one or more substituents selected firom the groiq) of substituents listed for the 
(6C)aryl group, connected to an amino grotqp, the aryl group having the same meaning 
25 as previously defined. 

The term (6C)aiyl(l-4C)allqrlamino as used herein means phenyl group, optionally 
substituted with one or more substituents selected fiom the group of substituents listed 
for the (6C)aryl group, connected to the alkyl moiety of an alkylamino group having 1- 
4 carbon atoms, the aryl group and the alkylamino groiq> having the same meaning as 
30 previously defined. 
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The tenn (2-SQlieteroaiyl(l-4QaIkylamm as used herein means a heteroaiyl group 
having 2-5 carbon atoms, optionally substituted with one or more substituents selected 
from the group of substituents listed for the (6C)aiyl group, connected to die alkyl 
moiety of an alkylamino group having 1-4 carbon atoms, the heteroaryl group and the 
s alkylamino group having the same meaning as previously defined. 

The term (l-4C)aIkoxy(2-4C)alkyl as used herein means an alkoxy group having 1-4 
carbon atoms, comiected to an alkyl groig> having 2-4 carbon atoms, the alkoxy group 
and alkyl group having die same meaning as previously defined 

The term (dQ[(l-4Qa]koxy(2^4Qalkyl]amino as used herein means an amino group, 
10 monosubstituted or disubstituted wifh (l-4C)alkoxy(2^C)alkyl groiq>s. The (1- 
4C)alkoxy(2-4C)alkyl ffovp is an alkoxy group having 1-4 carbon atoms, connected to 
an aDcyl group having 2-4 carbon atoms and has die same meaning as previously 
defined 

The term (l-4C)a]kylamino(2-4C)alkyl as used herein means an aOtylamino group 
15 having 1-4 carbon atoms, connected via the amino group to an alkyl group having 2-4 
carbon atoms, die alkyl moieties having fhe same meaning as previously defined. 

The term (di)[(l-4Qalkylamino(2-4C)alkyl]axnino as used herein means an anuno 
groip, monosubstituted or disubstituted with (l-4C)alkylamino(2-4C)alkyl groups. The 
(l-4C)alkylamino(2-4C)alkyl gKsixp is an alkylamino group having 1-4 carbon atoms, 
20 connected via die amino group to an alkyl group having 2-4 carbon atoms and has the 
same meaning as previously defined. 

The term amino(2-4C)a]kyl as used herein means an aminoalkyl group having 2-4 
carbon atoms, the alkyl moiety having die same meaning as previously defined. 

The term (di)[ainino(2-4C)alkyl]amino as used herein means an amino groirp, 
25 monosubstituted or disubstituted with aminoalkyl groups having 2-4 carbon atoms and 
having the same meaning as previously defined. 

The term hydroxy(2-4C)alkyl as used herein means an hydroxyalkyl group having 2-4 
carbon atoms, the alkyl moiety having the same meaning as previously defined. 
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The tena (di)Ihyd]xsxy(2-4C)alkyl]anuno as used heiein means an amino ffoxap, 
monosttbstituted or disubstituted with hydroxyalkyl groups, having 2-4 carbon atoms 
and having Ifae same meaning as previously defined. 

The term R^-(2*4C)aIkyl as used herein means a group attached to an alkyl moiety 
5 having 2-4 carbon atoms winch has the same meaning as previously defined. 

The term R^-carbQnyl-(l-4C)alkyl as used herein means a R^ group attached to fiie 
carbonyl moiety of a carbonylalkyl groiqp, the alkyl moiety having 1-4 carbon atoms 
and having the same meaning as previously defined. 

The term pharmaceutically acceptable salt represents those salts which are, within the 
10 scope of medical judgement, suitable for use in contact for die tissues of humans and 
lower animals without undue toxicity, irritation, allergic response and the like, and are 
commensurate widi a reasonable benefit/risk ratio. Pharmaceutically acceptable salts 
are well known in the art They may be obtained during the final isolation and 
purification of the conopoimds of die invention, or separately by reacting a ficee base 
15 fimction, if present, with a suitable mineral add such as hydrochloric acid, phosphoric 
add, or sulfuric acid, or with an organic acid sudi as for example ascorbic acid, citric 
add, tartaric add, lactic acid, maleic acid, malonic add, fiimaric acid, glycolic acid, 
succidc add, propionic acid, acetic acid, mefhanesutfonic acid, and the like. If present, 
an add fimction can be reacted with an organic or a mineral base, like sodium 
20 Iqrdroxide, potassium hydroxide or lithium hydroxide. 

The invCTtion thus relates to the compounds of Formula I as defined here above. 

In another embodiment the invention provides compounds according to Formula I 
wherein R^ and R^ are Me. 

25 The invention also relates to coiqpounds of formula I, wherein R^ is (2- 
6C)heteroc5ycloalkyl(l-4C)alkyl, (2-5C)heteroaryl(1.4C)alkyl, (2- 

6C)heterocycloaUylcarbonylamino(2-4C)alkyl, R^-(2-4C)alkyl, R^-carbonyl(l- 
4C)alkyL 
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In another aspect the invCTtion concerns oompoimds accoidmg to Formula I wherein 
is (2^C)heterocycloalkyl(l-4C)alkyl, (2-5C)hetetoaiyl(l-4C)alkyl, R^-<2-4C)alkyl, 
RWbonyl(l-4C)alkyL 

In yet another aspect &e invention relates to compounds according to Formula I 
wherem R^ is (2-6C)heterocycloalkyl(l-4C)alkyl, (2-5C)heteroaryl(l-4C)aIkyl or R^- 
(2-4C)alkyL 

In anotibier aspect the invention relates to conqpounds according to Fommla I wherein 
R^ is (2-6C)hetero(7cloalkyl(l-4C)alkyL 

According to yet another embodimoit of the invention the heterocycloalkyl group in 
heterocycloaIkyl(l-4C)alkyl in R^ according to Formula I consists of 4, 5 or 6 C atoms 
and the heleioaryl group in heteroaiyl(l-4Qalkyl in R^ consists of 3, 4 or 5 C atoms. 

In another embodiment the invention relates to compounds according to Formula I, 
wherein R^ is (6C)aiyL 

In yet another embodiment the invention provides compounds of Formula I wherein R^ 
is (di)(l-4C)alkylamino, amino, (di)(3-4C)alkenylamino, (2-5C)heteroaryl(l- 
4C)alkylamino, (6C)aryl(l-4C)alkylamino, (di)[(l-4C)alkoxy(2-4C)alkyl]amino, 
(di)[(l-4Qalkylamino(2-4C)alkyl]amino, (di)[amino(2-4C)alkyl]anuno, 
(di)Iiydroxy(2-4C)alkyl]aniino. 

In another aspect the invention relates to compoimds according to Formula I wherein 
R^ is (di)(l-4C)aIlcylamino, (2-5C)heteroaryl(l-4C)alkylamino, (di)[(l-4C)aHcoxy(2- 
4C)alkyl]amino, (di)[(l-4C)alkylaniino(2-4C)alkyl]amino, (di)[amino(2- 

4C)a]kyl]amino or (di)piydn)xy(2-4C)alkyllamino. 

In another aspect the invention relates to compounds according to Formula I wherein 
R^ is (d?Kl-4C)alkylamino, amino, (di)(3-4C)allffinylamino, (2-5C)heteroaryl(l- 
4C)aIkylammo, (6C)aryl(l-4C)allqrlamino. 

Another aspect of the invention axe compounds according to Formiula I wherein R^ is 
(di)(l-4Qalkylammo or amino. 

In yet another aspect of the invention, there are provided conoqpounds according to 
Formula I wherein R^ is (d9(l-4C)allsylamino. 
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Yet another aspect of the invention concerns compounds wherein all specific 
definitions of the groups b} through as defined here above are combined in ibe 
con^und of Formula L 



5 Suitable methods for Ifae preparation of Ihe compounds of the invention are outlined 
below. 




I-aR^Jl^=Me 
I-bRi;El2=H 



ni.aR»;El2 = Me 
m-bRiJR^^H 



Bog 
HN 




R1 
R2 



IV^R>;R? = Me 
IV-bR»JR2=H 



The compounds of the present invention witib formula I-a can be prepared starting with 
the well-<iocumented Skraup reaction. Performing this reaction on N-tert- 
10 butoxycarbonyl (iNT-Boc) protected 1,4-phenylenediamine (II) gives 1^- 
dihydroquinoline derivattve m-a. 

Related Skraup cyclocondensation reactions are found in literature: A. Knoevenagel, 
Caiem. Ber. 54:1726, 1921; R.L. Atkins and D.E. BUss, J. Org, Chem. 43:1975, 1978; 
J,V. Johnson, B.S. Rauckman, D.P. Baccanari and B. Roth, J. Med Chem. 32:1942, 
15 1989; W.C. Lin, S.-T. Huang and S.-T. Lin, J. Chin. Chem. Soc. 43:497, 1996; JJP. 
Edwards, S.J. West, KJB. Marschke, DJB. Mais, M.M. Gottardis and T.K. Jones, J. 
Med. Chem. 41:303, 1998. 

The abovementioned reaction is typically conducted at elevated ten^emture in acetone 
or mesilyl oxide in the presence of iodine or protic acid such as hydrochloric acid, 
20 toluenesulfonic add or aqueous hydrogen iodide. Alternatively, the compound of 
formula ni-a can be prepared by reacting compound n with acetone in the presence of 
MgS04, 4-^m-butylcatechol and iodine (L.G. Hamann, R.L Higuchi, L. Zhi, LP. 
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Edwards and X.-N. Wang, J. Med. Chem, 41:623, 1998). In yet another procedure, the 
reaction can be performed in acetone using lanthanide triflates (e-g. scandium triflate) 
as catalysts. In this case, the reaction can be ran at room temperature or at elevated 
temperatures using conventional heating or microwave irradiation (M. £. Theoclitou 
5 and L. A. Robinson, Tetrahedron Lett 43:3907, 2002). 

The compound of formula m-b can be prepared from JV-Boc-l,4-pheiiylenediamine n 
by reaction with metihyl vinyl ketone. Related cyclizations are described in Untited 
States Patent 2,686,182 (Badische Anilin- & Soda-Fabrik Aktiengesellschaft). 

Subsequent l-JN^acetylation of the conopounds of formula m-a-b can be carried out 
10 using standard conditions. In a typical experiment, compounds of formula m-a-b are 
heated under reflux in acetic anhydride or reacted in a solvent sudi as dichloromethane, 
tetrahydrofiuan, toluene or pyridine with acetyl chloride in the presence of a base such 
as T^^-^iisopropyle&ylamine, triebylamine or sodium hydride to give the l-jY-acetyl- 
4-me(hyl-l,2-dihydroquinoline derivatives of formula IV-a-b. 




V-aR^JR^=Me VX-aR^^^^Me Vn-aRi3?=Me Vm-aR^Jl2=Me 
V-bR*Jl2«H VI.bR»,R2=H Vn-bR»,R2=H Vni-bR^Jl^^^H 

15 

Standard cleavage of the Boc protective group under conditions well known to those 
skilled in the art a£fords the 6-amino-l,2-dihydroquinoline derivatives of formula V-a- 
b. This reaction is typically conducted in dichloromethane in the presence of 
trifluoroacetic acid. 

20 Subsequent 6-JV-acylation of the compoimds of formula V-a-b can be carried out using 
standard conditions to give con^unds of general formula Vl-a-b, wherein K* is as 
previously defined. For example, compounds of formula V-a-b are reacted in a solvent 
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such as dichloiomefhane» tetxahy drofliran or toluene mft an acyl haUde (R'^-G(0)-C1) 
or add anhydride (R^-C(0)-0-C(0)-K*) in the presaice of a base such as N,N- 
diisopropylefhylamine, triethylamine^ pyridine or sodium hydride to give 6-iV^a^Iated 
4-meflxylri;2-d]hydroquinoline derivatives of formula Vl-a-b. Alternatively, acylation 
5 of compounds of general formula V-a-b to give compounds of general formula Vl-a-b 
can also be accomplished by reaction with an appropriate carboxylic acid (R'*-C02H) in 
the presence of a coupling reagent such as 0-(benzotriazol-l-yr)-i\r,jy;Ar;i\r- 
tetramefliyluionium tetrafluoroborate (TBTU), <>(7-azaben2»triazol-l-yI)-jy;jy;7V^^jV'- 
tetramethyluroniimi hexafluorophosphate (HATU) or bromotripyrrolidinophosphoniimi 
10 hexafluorophosphate (PyBrOP) and a tertiary base, e.g. JV;i\r-diisopropylethylamine, in 
a solvent such as iS^^iST-dimethytfonnaxDide or dichloromethane at ambient or elevated 
ten^erature. 

Introduction of the requisite substituted phenyl group at position 4 of the 
dihydroquinohne scaffold can be accomplished via Friedel-Crafts alkylation of anisole 

15 with the compounds of general structure Vl-a-b to yield compounds of general fonnula 
Vn-a-b. This reaction is typically conducted at elevated temperatuies either in anisole 
or in an appropriate inert solvent such as heptane or hexane with anisole as leagent, 
under catalysis of a Lewis acid (e.g. AICI3, AlBr3.FeCl3 or SnCU). Friedel-Crafts 
alkylations witti 2,2,4-trimethyl-l,2-dihydroquinolines are described in literature by 

20 BA. Lugovik, LG. Yudin and A.N. Kost, DokL Akad. Nauk SSSR, 170:340, 1966; 
BA. Lugovik, Yudin, S.M. Vinogradova and AM Kost, Khim. Oeteiosild. 
Soedin, 7:795, 1971. 

Alternatively, JV-Boc-l,4-phenylenediamine n can be reacted witii 2-(4- 
melfaoxyphenyQ-propaie and formaldehyde in acetonitrile at ambient or elevated 

25 temperature, followed by 1-iV-acetylation as described previously, to give the 
ccm^und Vll-b in which = O-tert-BvL Related cyclizations are described in 
literature: J.M. Mellor and G.D. Merriman, Tetrahedron, 51:6115, 1995. Qeavage of 
the Boc protective group and subsequent acylation of Ihe 6*amino function with an acyl 
halide (R*-C(0)-C1) as described before gives access to compounds of ^eral structure 

30 Vll-b in which R^ is as described previously. 
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Cleavage of the aromatic methyl ether in oompoYmds of g^eial fbrmula Vll-a-b 
afiEbrds 4-(4-hydroxyphenyl) substituted tetrahydroquinoline derivatives of general 
fonmila Vm-a-b, setting the stage for fiinctionalization of the free OH group. 



R3— X 




IX-a:X = Cl,Br,I 

IX-b:X = OH VIII>aR^^2 = iyie I.aRi,R2 = Me 

vm-b = H i-b r^;r? - H 

5 

Dotnethylation reactions of aromatic methyl ethers aie weU known to those skilled in 
the art In a typical experiment^ demethylation is achieved upon reaction of a 
compound of formula W-a-b with BBrs in an inert solvent such as dichloromethane at 
low to ambient temperature to give demetfiylated compounds of general formula Vm- 
10 a-b. Alternatively, demethylation can be accomplished upon reaction of compounds of 
formula Vll-a-b with BF3 M^S complex at ambient temperature. 

Selective OaKgrlation of confounds of gen^ul formula Vm-a-b with fimctionalized 
alkyl halides of general formula IX-a, leads to the formation of compounds witii 
general formula I-a-b. Alkylation reactions of aromatic hydro^syl groups are well 

15 known in the art Typically, a solution of a compound of gen^ formula Vm-a-b in a 
suitable solvent such as 1,4-dioxaiie, tetrahydroftiran» dichloromethane, acetonitrile, 
acetone or JS^-dimetiiylformamide is treated with a base (e.g. JS^JV^sopropylamine, 
trielfaylamine, K2CO3, CS2CO3 or NaOII) and the appropriate alkylation reagent of 
general fomoula IX-a, for exanq>le benzyl bromide, 3-(dimethylamino>propyl chloride, 

20 4-(2-chloroetfayl)-mQipholin6, 2-picolylchloride or 2-chloroacetamide. Alternatively, 
alkylation can be accomplished by the known Mitsunobu-type alkylation. In that case a 
solution of a compoimd of general formula VTU-a-b in a suitable solvent such as 1,4- 
dioxane, tetrahydrofuran, or dichloromethane is treated with (resin boimd) triphenyl 
phosphine, diethyl- or di-fer^bu1yl azodicarboxylate and a fimctionalized alcohol of 
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gen^al formula IX-b. In principle, bofh alkylation meHiods can be used for all 
groups, but a suitable protective group strategy may be required if contains a 
nucleophilic groiqp such as a secondary amine or a bydroscyl group. Selection of a 
protective gcoup and deprotection conditions are trivial to those skilled in the art. 

5 Another procedure to obtain compounds of the cmrent invention starts with the 
alkylation of cono^unds of general formula Vin»a-b with esters of general formula X. 

The alkylation reaction is typically conducted in the presence of a base such as NJf" 
diisopropylethylamine or sodimn hydride in a suitable solvent such as N,N' 
dimethylformamide or tetrahydrofiiran at ambient or elevated teni$>eratuie. The ester 

10 fimction in the resulting conq[>ounds of general f<nmula X[-a-b in which A = Me or Et 
can then selectively be reduced under controlled conditions to affinrd compounds of 
general formula XUI-a-b using an appropriate redudng ageat such as lithium 
aluminum hydride at low teniperature or sodium boiohydride in an inert solvent such 
as tetrahydiofuran. The fiee hydroxyl grotqp in compounds of general formula Xm-a-b 

15 may subsequently be reacted wift 4-toluenesulfi)nyl chloride (Ts-Cl) or 
metlianesulfonyl choride (Ms-Q) in an inert solvent such as 1,4-dioxane, KN- 
dimethytformamide or THF in the presence of a suitable base such as triethylamine or 
pyridine to generate an appropriate leaving group (compounds of general &rmula XIV- 
a-b; LG = Ts or Ms, respectively). NucleophiUc substitution with an appropriate 

20 nucleophile (amine or alkoxide) under conditions known to those skilled in the art then 
gives access to compoimds of general formula I-a-b in which R^ = R^-(2-4C)aIkyl and 
R^ is as defined previously. 

Conversion of compounds of general formula Xl-a-b in which A = tert-Bn to 
carboxylic acids of general formula XH-a-b may be effected by deprotection of the 

25 rerr-bulyl ester function, hi a typical experiment, the tert-batyl ester of general formula 
Xl-a-b (A = tert-Ba) is dissolved in dichloromethane and treated with a strong acid 
such as triftuoroacetic acid. The resulting carboxylic acids of general formula Xll-a-b 
may then be condensed with an appropriate alcohol or amine in the presence of a 
coupling agent such as 0-(benzotriazol-l->d)-J\r,iV;iV'VA^'-tetramefhylurom 

30 tetrafluoroborate (TBTU), (>(7-azabenzotriazol-l-yl)-i\^JV;iV^;iV^'-tetramethyluronium 
hexafluorophosphate (HATU) or bromotripyirolidinophosphonium 
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hexaBuorophosphate (PyBtOP) and a terdaxy base, e.g. J^JV'-diisopiopyletiiylamine, in 
a solvent sach as jy;j^-diniefhylfonnaimde or dichlorometfaane at ambient or elevated 
temperature to give compomids of general formula I-a-b in wfaidi ~ R^-carbonyl(l* 
4C)aIkyl and is as defined previously. 



0*^QA 




O^OA 

y^i 'n 
X 



A=Me,Et,t-Bu VHI-aRiJl^^Me XI-aR^Jl^^Me 
n=lA3,4 VIII-bR^;R.2=.H XI4>Ri^^=H 



Y=I,Br,a 



n=U3,4 



A = Me,Et 



Xra-aRJjt^-Me 

Xra-bRiJR?=H 

n-lA3 



XIV-aRi;El2=Me 

XIV-bR»Jl2=H 

n=lA3 

LG = leaving group 



Xn-aRi^2«Me 
Xn.bR»JR^^ = H 
n=lA3,4 




I-aR^Jl2=Me 
I-bR»^2«H 



Some of the compounds of Ifae invention, which can be in the fi>rm of a free base, may 
be isolated fiom the reaction mixture in tibie form of a pharmaceutically acceptable salt 
The phatmaceutically acceptable salts may also be obtained by treating the finee base of 
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formula I mlh an orgmic or inorganic acid such as hydrogen chloride, hydrogen 
bromide, hydrogen iodide, sulfuiio acid, phosphoric acid, acetic acid, propionic acid, 
glycolic acid, maleic acid, malonic acid, mefhanesulphonic acid, fumaric acid, sucdnic 
acid, tartaric acid, cittic acid, benzoic acid, and ascorbic acid. 

5 The compounds of the present invention possess at least one chiral carbon atom and 
may therefore be obtained as pure mantiomers, or as a mixture of enantiomers, or as a 
mixture of diastereomers. Methods for obtaining the pure enantiomers are well known 
in the art^ e.g crystallization of salts -which are obtained from optically active acids and 
the racemic mixture, or chromatography using chiral columns. For diastereomers, 

10 straight phase or reversed phase columns m^ be used. 

Thecompoundsoftheinventionmay form hydrates or solvates. It is known to diose of 
skill ia tiie art that charged conq^ounds form hydrated species when lyophilized with 
water, or form solvated species vtdien concentrated in a solution with an appropriate 
organic solvent The compounds of this iavention include the hydrates or solvates of 
15 the coropounds hsted. 

For selecting active compounds testing at 10*^ M must result in an activity of more tiian 
20% of the maximal activity when FSH is used as a reference. Another criterion might 
be flie ECso value which must be < 1 0"^ M, preferably < 1 0"^ M. 

20 The skilled artisan will recognize that desirable ECso values are dependent on the 
compound tested. For example, a con^und with an EC50 which is less than 10'^ M is 
generally considered a candidate for drug selection. Preferably this value is lower than 
10'^ M. However, a compound which has a higher EC5o> but is selective for the 
particular receptor, may be even a better candidate. 

25 Methods to determine receptor binding, as well as in vitro and in vivo assays to 
determine biological activity, of gonadotropins are well known. lix general, the 
expressed receptor is contacted with the compound to be tested and binding or 
stimulation or inhibition of a functional response is measured. 

To measure a functional response, isolated DNA encoding the FSH receptor g^e, 
30 preferably the human receptor, is expressed in suitable host cells. Such a cell mig^t be 
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the Chinese Ebmster Ovary cell, but other cells axe also suitable. Preferably the cells 
are of mammalian origin (Jia et al, Mol^Bidocrin., 5:759-776, 1991). 

Mefliods to construct reconibinant FSH expressing cell lines are well known in the art 
(Sambxook et al.. Molecular Cloning: a Laboratory Manual, Cold Sjiring Harbor 

5 Laboratory Press, Cold Spiring Harbor, latest edition). Expression of receptor is attained 
by expression of the DNA encoding the desired protein. Techniques for site directed 
mutagenesis, ligation of additional sequences, PCR, and construction of suitable 
e^qnession systems are all, by now, well known in the art Porticms, or all, of the DNA 
encoding the desired protein can be constructed synthetically using standard solid 

10 phase techniques, preferably to include restriction sites for ease of ligation. Suitable 
control elements for transcription and translation of the included coding sequence can 
be provided to the DNA coding sequences. As is well known, egression systems are 
now available which are compatible with a wide variety of hosts, including prokaryotic 
hosts such as bacteria and eukaryotic hosts such as yeast, plant cells, insect cells, 

IS mammalian cells, avian cells and the like. 

Cells expressuig the receptor are then contacted with the test compound to observe 
binding, or stimulation or inhibition of a functional response. 

Altmiatively, isolated cell membranes containing the e3q>ressed receptor may be used 
to measure binding of conqiound. 

20 For measurement of binding, radioactively labeled or fluorescently labeled conqK>unds 
may be used. Also competition binding assays can be p^cnmed. 

Another assay involves screening jbr FSH receptor agonist compounds by determining 
stimulation of receptor mediated cAMP accumulation. Thus, such a method involves 
expr^ion of the receptor on the cell sur&ce of a host cell and exposing the cell to the 
25 test compound. The amount of cAMP is tiien measured. The level of cAMP can be 
reduced or increased, depending on the inhibitory or stimulating effect of the test 
compound upon binding to the receptor. 

Scie^mg for FSH receptor antagonists involves incubation of FSH receptor- 
expressing cells with a concentration range of the test compound in the presoace of a 
30 fixed, submaximally effective, FSH concentration (i.e., a FSH concentration that 
induces q)proximately 80% of the maximal stimulation of cAMP accumulation in the 
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absence of test con^und). From the conceatiation-effect curves, tiie ICso value and 
the parentage of inhihition of FSH-induced cAMP accumiilation can be detetmined 
for each of fhe test compounds. As reference con^tmd fauinan recombinant FSH can 
be used. In fhe alternative also cQn:ypetition assays can be performed. 

5 

In addition to direct measurement of e.g. cAMP levels in fhe exposed cell, cells lines 
can be used vMch in addition to transaction with receptor encoding DNA are also 
transfected with a second DNA encoding a reporter gene fhe expression of which 
responds to the level of cAMP. Such reporter genes might be cAMP inducible or mig^t 

10 be constructed in such a way that ihey are connected to novel cAMP responsive 
elements. In gmeral, reporter gene expression might be controUed by any response 
element reacting to changing levels of cAMP. Suitable reporter genes are e.g. fhe genes 
encoding P-galactosidase, alkaline phosphatase, firefly luciferase and green 
fluorescence protein. The principles of such transactivation assays are well known in 

15 the art and are described e.g. in Stratowa, Ch., Himmler, A. and Czemilo&lgr, AJP., 
(1995) Curr.ppin.Biotechnol. 6:574. 

The present invention also relates to a pharmaceutical composition comprising a 
tertrahydroquinoline derivative or pharmaceutically acceptable salts thereof having the 
20 general formula I in admixture with pharmaceutically acceptable auxiliaries and 
optionally otiier therapeutic agents. The auxiliaries must be ^acceptable" in the sense of 
being compatible with the other ingredients of fhe composition and not deleterious to 
the recipients thereof. 

Compositions include e.g. those suitable for oral, • sublingual, subcutaneous, 
25 intravenous, intramuscular, local, or rectal adoainistration, and fhe like, all in unit 
dosage forms for administration. 

For oral administration, the active ingredient may be presented as discrete units, such 
as tablets, capsules, powders, granulates, solutions, suspensions, and &e like. 

For parenteral administration, the pharmaceutical composition of fhe invention may be 
30 presented in unit-dose or multi-dose containers, e.g. injection liquids in predetemiined 
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amounts, for example in sealed vials and ampoules, and may also be stoied in a freeze 
dried OyopMized) condition requiring only the addition of sterile liquid carrier, e.g. 
irater» prior to use. 

Mixed mtfa such pharmacaitically acceptable auxiliaries, e.g. as described in tiie 
standard refei^c^ Gennaro, A.R. et al.. Remington: The Science and Practice of 
Pharmacy (20th Edition., Lippincott Williams & Wilkins, 2000, see especially Part 5: 
Pharmaceutical Manufacturing), the active agent may be con^ressed into solid dosage 
units, such as pills, tablets, or be processed into capsules or siqppositories. By means of 
pharmaceuticaUy acceptable liquids the active agent can be applied as a fluid 
composition, e.g. as an injection preparation, in the form of a solution, suspension, 
emulsion, or as a spray, e.g. a nasal spmy. 

For making solid dosage units, the use of conventional additives such as fillers, 
colorants, polymeric binders and the like is contenoplated. In general any pharma- 
ceutically acceptable additive which does not interfere with the function of the active 
compounds can be used. Suitable canieis with which the active agent of the invention 
can be adnainistered as soHd compositions include lactose, starch, cellulose derivatives 
and the like, or mixtures thereof, used in suitable amounts. For parenteral 
administration, aqueous suspensions, isotonic saline solutions and sterile injectable 
solutions may be used, containing pharmaceutically acceptable dispersing agents 
and/or wetting agents, such as propylene glycol or butylene glycol. 

The . invention further includes a pharmaceutical composition, as hereinbefore 
described, in combination with packaging material suitable for said composition, said 
packaging material including instructions for the use of the composition for the use as 
hereinbefore described. 

The tetrahydroquinoline derivatives of the invention can also be administered in the 
form of implantable pharmaceutical devices, consisting of a core of active material, 
encased by a release rate-regulating membrane. Such in^lants are to be ^plied 
subcutaneously or locally, and will release the active ingredient at an qiproximately 
constant rate over relatively large periods of time, f<^ instance from weeks to years. 
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Methods for the preparation of implantsible pharmaceutical devices as such axe knoimi 
in the art, for exan^le as described in Eurc^ean Patent 0,303^06 (AKZO Nobel N.V.). 

The exact dose and regimen of administration of the active ingredient or a 
5 pharmaceutical composition thereof, will necessarily be dependent iipon the therapeutic 
effect to be achieved (treatment of infertility; contraception), and may vary witii the 
particular compound, the route of administration, and the age and condition of the 
individual subject to whom the medicament is to be administered. 

In general parenteral administration requires lower dosages than other methods of 
10 administration which are more dependent upon absorption. However, a dosage for 
humans prefecably contains 0.0001-25 mg per kg body weight The desued dose may 
be pres^ted as one dose or as multiple subdoses administered at appropriate intervals 
throughout the day, or, in case of female recipients, as doses to be administered at 
f^ypropiiate daily intervals tiuroug^out the menstrual cycle. The dosage as well as the 
15 regimen of administration may differ between a female and amale recipient 

Thus, the confounds according to the invention can be used in therapy. 

A further aspect of the invention resides in the use of a tetrahydroquinoline derivative 
compoimd having the general formula I for the manufacture of a medicament to be 
20 used for the treatment of disorders responsive to FSH receptor mediated pathways. 
Thus, patients in need thereof can be administ^ed with suitable amounts of the 
compounds according to the invention. 

In another aspect the invention resides in the use of a tetrahydroquinoline derivative 
conq>ound having the general formula I for tiie manufiu^ture of a noedicament to be 
25 used for the control of fertility. 

In yet another aspect the invention resides in the use of a tetrahydroquinoline dmvative 
compound having the general formula I for the manu&cture of a medicament to be 
used for tiie treatment of infertility. 



wo 2004/056779 



PCT/EP2003/051024 



- 21 - 

In still another aspect the invCT.tion lesides in tbe use of a tetrahydixKiui&oline 
derivative conq)oi]nd having Ihe general formula I for fhe manufacture of a 
medicament to be used to prevont fertility. 

The compounds according to the invention can also be used for the treatment of 
s hormone-dependent disoida:s such as breast cancer, prostate cancer and endometriosis. 

The invention is iUustiated by the following examples. 



Examples 

General Comments 

10 The following abbreviations are used in the examples: DMA = JSr,JV-dimethylaniline, 
DIPEA = jST^-diisopropylefhylamine; TFA = tiifluoroacetic acid, DtBAD = di-tert" 
butyl azodicarboxylate; TBTU = 0-Benzotriazole-l-yl-JN^iy;JV^J^^'-tet^amethylu^omum 
tetrafliuoioborate; HATU = 0-(7-azabenzotria2ole-l-y5-iV,-N'^^JV -tetra^^ 
hexaSuorophossphate; Fmoc = 9-fluorenyhnefho3Qrcarbonyl; Fmoc-Cl — 9- 

15 fluorenyhnethoxycarbonylchloride; DMF = i^J^-dimeChylformamide; Boc = tert- 
butoxycarbonyl; THF - tetrahydrofbran. 

The names of the final products described in the examples are generated using the 
Beilstein Autonom program (version: 2.02.1 19). 

Unless stated otherwise, all final products of the examples below are lyophiUzed fi:om 
20 water/l,4-dioxane mixtures or water/acetonitrile mixtures. If the compound was 
prepared as a HCl- or TFA salt, the respective acids were added in appropriate amounts 
to the solvent mixture before lyopbilization. 

The following analytical HPLC methods are used for determination of retention times: 

Method 1: Colunm: 5 pm Luna C-18(2) 150x4.6 mm; flow: Iml/min; detection: 210 
25 nm; column temperature: 40 "^C; solvent A: C3IaCN/H20 - 1/9 (vAr); solvent B: 
CH3CN; solvent C: 0.1 M aqueous trifluoroacetic acid; gradient solvent A/B/C » 
65/30/5 to 10/85/5 (v/v/v) in 30.00 min, thm constant for an additional 10.00 min at 
A/B/C = 10/85/5 (v/v/v). 

Method 2: Identical to method 1, except for the gradient used: Gradient: solvent A/B/C 
30 = 75/20/5 to 15/80/5 (v/v/v) in 30.00 min, then constant for an additional 10.00 min at 
A/B/C= 15/80/5 (v/v/v). 
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Method 3: Cotamn: 3 pm Luna C-18(2) 100x2 mm; flow: 0.25 ml/min; detection: 210 
nm; column temperature: 40 **C; solvent A: H2O; solvent B: CH3CN; solvent C: 50 mM 
phosphate buffer, pH 2.1; gradient: solvent A/B/C = 70/20/10 to 10/80/10 (v/v/v) in 
20.00 min, tihien constant for an additional 10.00 min at A/B/C = 10/80/10 (v/v/v). 

5 Method 4: Identical to method 3, except for the gradient used: Gradient solvent A/B/C 
» 65/30/5 to 10/85/5 (v/v/v) in 20.00 mm, then constant for an additional 10.00 min at 
A/B/C -10/85/5 (v/v/v). 

Method S: Identical to method 3, except for the gradient used: Gradient: solvent A/B » 
75/25 to 0/100 (v/v) in 20.00 min, then constant for an additional 10.00 min at A/B/C = 
10 0/100 (v/v). 

Method 6: Identical to method 1, except for the gradient used: Gradient: solvent A/B/C 
35/60/5 to 10/85/5 (v/v/v) in 30.00 min, then constant for an additional 10.00 min at 
A/B/C =10/85/5 (v/v/v). 

The foUowmg methods are used for prq>aiative HPLC-purifications: 

15 Me4od A: Column = Luna C-18. Gradient: 0.1% trifluoroacetic acid in H2O/CH3CN 
(9/1, v/v)/CH3CN = 100/0 to 0/100 (v/v) in 30-45 min^ depending on the ease of 
separation. Detection: 210 run. The appropriate fiactions were collected and 
concentrated (partially) in vacuo. 

Method B: Column = Luna C-18. Gradient: HaO/GHjCN (9/1, v/v)/CH3CN = 80/20 to 
20 0/100 (v/v) in 30-45 min, depending on the ease of separation. Detection: 210 nm. 

Example 1 

BiphenvM-carboxvlic acid {l-acetyl'^[4-(2-dimethylaminO'-ethoxv^--phenvl1-2.2.4- 
trimethvl-1 .2.3.4"tetrahvdro-cp3inolin--6-yl}--amide 

(sl\ f2.2.4-Trimethvl-l^-dihvdroqumolin>-6-v1)-ftarhflnitft acid tertAmtvl ester 

25 A mixture of JV^Boc-l,4-phenylenediamine (75 g), MgS04 (216 g), 4-f^- 
butylcathechol (1.8 g) and iodine (4.7 g) in anhydrous acetone (600 ml) was heated 
under reflux for 20 h. The MgSO 4 was removed by filtration and the filtrate was 
concentrated in vacuo. The residue was chromatographed on a short plug of silicagel 
using hq>tane/elfayl acetate = 8/2 (v/v) as ttie eluent to give the product as a brown oil. 

30 Yield: 41 g. 
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(b\ f l-Acetvl-2^,4-trimeflivl-.l^>dihydmq^ acid terf-butvl ester 

A solution of the cornqpound described m example la (41 g) in pyridine (200 mQ and 
CH2CI2 (200 ml) was cooled to 0 Acetyl chloride (21 ml) in CH2CI2 (50 ml) was 
added dropwise. After complete addition the mixture was stirred for 3 h at room 
5 temperature. Ethyl acetate (2 I) and H2O (2 1) were added and the oiganic layer was 
separated, dried and concentrated in vacuo. The title compound was obtained by 
crystallization from etfiyl acetate. 

Yield: 23 g. 

10 (c). l"Acetyl-6 -amitin^9. .2.4-'trimethyl-L2-dihydioquinoline 

The compound described in example lb (15 g) was stirred in a mixture of CH2CI2 and 
TFA (9/1 (v/v), 300 ml) for 2 h. The reaction mixture was cooled down to 0 and the 
pH adjusted to pH 7 using a 2 M aqueous NaOH solution. The organic layer was 
separated, washed widi brine, dried and concentrated in vacuo to give the crude 
' 15 product that was used without finlfaer purification in 

Yield: 10.4 g 

(d) . Biphenyl-4-carboxylic acid ri-acetyl-2,2 T,4-*"iTietTiyU1 ,9..f»hyHrnq3iitifi1in-.fi-y1)- 
amide 

20 To a solution of the confound described in example Ic (10 g) and DIPEA (40 ml) in 
CUbCh (100 ml), was added 4-biphenylcarbonyl chloride (9.8 g) and the resulting 
mixture was stirred for 18h at room temperature. Water was added, the organic layer 
was separated, dried and concentrated in vacuo. The product was crystallized fiom 
ethyl acetate. 

25 Yield: 15 g 

(e) Biphenyl-4-K^aiboxylic acid |"l-acetvlr4-f4-me1hoxvphenvr>-2.2 .4-friinfttlY yl*l^^ 
tetrahydroquinolin-6-3d]-amide 

While stirring, aluminum trichloride (9.7 g) was added to a mixture of the compound 
30 described in example Id (10.0 g) and anhydrous anisole (50 ml) and the resulting 
mixture was stirred at 35 %i for 18 h. After this time, water was added at 0 ""C and the 
resulting mixture was extracted witii ethyl acetate. The oiganic layer was separated, 
dried and partially concentrated in vacuo and the mixture was stored at 0 for 18 h. 
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The formed precq>itate was collected by filtiadoa and dried in vacuo to give the title 
compound. 

Yield: 7.9 g. 

(f) . BiDhenvl-4-cafbQxvKc add ri-acetvl-4-f4-hvdrD3cvphenvn-2^.4-trimeflivl-1.2.3.4- 
tetrahydrrwquifiolnvfi-yll-am^de 

To a solution of the confound described in exan^le le (7.9 g) in CH2CI2 (200 ml) at 0 
was added a solution of boron tribromide (5 ml) in CH2CI2 (50 ml) and the mixture 
was kept for 4 h at 0 ^C. Water (ca 500 ml) was carefully added and the resulting 
mixture was vigorously stirred The oiganic layer was separated, dried and 
concentrated m vacuo. Crystallization firomeftiyl acetate afG:nded&^ 

Yield: 6.1 g. 

(g) Biphenyl-4-carboxylic acid { l-acetvl-4-[4-(2'-d imftthylmirim o-ethoxy)-phenyl]-- 
2^^^4-triTn ethvl- 1 .2.3 .4-tetrahydro-quinolin-6'yl} -ftmide 

General procedure A: To a solution of the compound described in example If (70 
mg) in DMF (2 ml) were added CS2OO3 (200 mg) and 2-dimethylamino-ethylchloride 
Ir^drochloiide (17 mg). The resulting mixture was stirred overnight, after which water 
and ethyl acetate were added. The organic layer was separated, dried and concentrated 
in vacuo. The product was purijBed by preparative HPLC (method A) and lyophilized 
from a mixture of CH3CN and water containing TFA to give the corresponding TFA 
salt. 

Yield: 18 mg (TFA salt); MS-ESI: [M+H]'^ = 576.6; HPLC: Rt = 14.96 min (method 3). 
Example 2 

BiDhenvl-4-carboxvUc add n'Bcetv^-d^\d~p'4mPit^^ 
truneflivl-L23.4-tetrahvdro--quinolin-6-y1}-AmM^ 

According to general procedure A, the compound described in example If (70 mg) was 
alkylated with 3<-dimefliylamino-propylchlorid6 hydrochloride (19 mg) and CS2CO3 
(200 mg) in DMF (2 ml). The product was purijBed by preparative HPLC (method A) 
and lyophilized from a mixture of CH3CN and water containing TFA to give the 
corresponding TFA salt 
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Yield: 58 mg (TFA salt); MS-ESI: |M+H]* = 590.4; HPLC: Rt = 15.36 min (method 3). 
Examples 

Biplienyl-4-carboxylic acid { 1 »acetyl-2.2.4-trimethyl-4-r4-Q-morpholin^^ 
propoxyVphenvn"l,2.3,4-teliabY^-T "^ olin-^vR"^ 

AccordiQg to general piocedure A, the compound described in example If (70 mg) was 
allcylated with 3-morpholinopropylchloride (26 mg) and CszCX^s (200 mg) in DMP (2 
ml). The product was purified by preparative HPLC (method A) and lyophiUzed jfrom a 
mixtoie of CH3CN and water containing TFA to give the conesponding TFA salt 

Yield: 56 mg (TFA salt); MS-ESI: [M+H]* = 63 1.6; HPLC: Rt = 15.40 min (method 3). 
Example 4 

Biphenvl-4-carboxvlic acid i 1 -acetv1-2, 7^^ 4-triiTieflivl-4"[4-(pYriditt^2-.y lm^^^ 
phenyl]- 1 .2.3 .4-tetra bydrn-qnin oliD-6-V>} -amirfft 

According to general procedure A, the compound described in example If (100 mg) 
was alkylated with 2-picolyl chloride hydrochloride (33 mg) and CS2CO3 (325 nag) in 
DMF (5 ml). The product was purified by preparative HPLC (method A) and 
lyophilized fix>m a mixture of CH3CN and water containing TFA to give fhe 
corresponding TFA salt 

Yield: 60 mg (TFA salt); MS-ESI: [M+H]+ = 596.4; HPLC: R* = 19.75 min (method 2). 
Example S 

Biphenvl-4-carboxvlic acid { l-acetvl-2.2.4-trimethvl--4'r4-(l-methvl-piperidin>3- 
vlme1hoxvVphenvll-1.2.3.4-tetrahvdro-quinolin«-6-vl}-amide 

According to general procedure A, the compound described in example If (100 mg) 
was alkylated with 3-chlorc»nethyl-l-metfaylpiperidine hydrochloride (33 mg) and 
CS2CO3 (325 mg) in DMF (5 ml). The product was purified by preparative HPLC 
(metibod A) and lyophilized fiom a mixture of CH3CN and water containing TFA to 
give the corresponding TFA salt. 

Yield: 60 mg (TTA salt); MS-ESt |M+H]* = 61 5.4; HPLC: Rt = 16.70 mm (method 2). 
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Example 6 

Biphenvlr4-carboxvlic acid {1 *acetvl-4-r4-f2-^etf iy1flnimn-< ^oxvVpheiivl% 
trimfttliY UL23,4«tetrahvdro-quinolm-6"y 1}-ftmld^ 

According to general procedure A, the compound described in example If (100 mg) 
was alkylated with 2-diethylamino-ethyl chloride hydrochloride (35 mg) and CS2CO3 
(325 mg) in DMF (5 mT). The product was purified by preparative HPLC (method A) 
and lyophilized firom a mixtaie of CH3CN and water cosxtaining TF A to give the 
corresponding TFA salt 

Yield: 67 mg (TFA salt); MS-ESI: [M+H]* = 604.4; HPLC: = 16.38 min (method 2). 
Example 7 

Biphenvl-4-carboxvlic acid (1 -acety l-^ 4-<rime<hY^"^r^"fPY"^^'""^-Y^"'^^^V 
phenyl]-1.23>4-tetral iydm-qninn1in^6-Yl}-amide 

According to genial procedure A, the compound described in example If (100 mg) 
was alkylated with 4-picolylchloride hydrochloride (33 mg) and CS2CO3 (325 mg) in 
DMF (5 ml). The product was purified by preparative HPLC (method A) and 
lyophilizsed fiom a mixture of C3I3CN and water containing TFA to give Ihe 
corresponding TFA salt 

Yield: 61 mg (TFA salt); MS-ESI: [M+H]* = 596.4; HPLC: Rt = 16.64 min (method 2). 
Example 8 

Morpho1i nft-4^carb oxvlic acid r3-(4-{l-acetvl-6-rfbipheGiyl-4-carbonY ^)-^"'i"^l-^i^i^ 
trimftthy l- 1 ,23 ,4-tetrahvdro-quinolin-4- vll -phenoxv^-propyiyamide 

According to general procedure A, the compound described in example If (100 mg) 
was alkylated with morpholine-4-carboxylic acid (3-chloropropyl)amide (53 mg) and 
CS2CO3 (325 mg) in DMF (5 ml). The product was purified by preparative HPLC 
(method A) and lyophilized fix>m a mixture of CHaCN and water. 

Yield: 95 mg; MS-ESI: [M+H]* = 675.6; HPLC: = 1 8.24 min (method 3). 
Example 9 

Biphenyl-4-carboxvlic acid I l->acetvl-4-r4-f2-azepanrl-vt-ethoxvVphmvll-2.2.4- 
trimethyl-L23.4-tetrahvdro-quinolinr6-y1}-fttnide 

According to general procedure A, the compound described in exaniple If (100 mg) 
was alkylated wilfa 2-(hexamethyleneimino)ethyl chloride hydrochloride (42 mg) and 
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CS2CO3 (325 mg) in DMF (5 ml). The product was purified by pieparadve HPLC 
(method A) and lyophilized j&om a mixture of CH3CN and water containing TFA to 
give the corresponding TFA salt. 

Yield: 60 mg (TFA salt); MS-ESI: [M+HJ^ = 630.6; HPLC: lU = 17.25 min (method 2). 
Example 10 

Biphenyl-4-carboxvlic acid {l-acetyl->2Jt,4>1rhnethvl-4- [44i^ 
phenvn-1^.3,4-tetrahvdro-qmnolm-6-vn--amide 

According to general procedure A, the compound described in exanq[>le If (1.0 g) was 
alkylated with 3-picoloylchloride hydrochloride (488 mg) and C$2CQ3 (3.2 mg) m 
DMF (10 ml). The product was purified by preparative HPLC (method A) and 
lyophilized from a mixture of CH3CN and water containing TFA to give the 
corresponding TFA salt 

Yield: 884 mg (TFA salt); MS-ESI: [M+H]'^ = 596.4; HPLC: Rt - 16.55 min (method 
3). 

Example 11 

Biphenvl-4-c arboxvKc add [l>acetvl-4-f4-carbamovhnethoxv^phenvlV2J2.4-trimethvl- 
1 .2.3.4-tetrahvdiD-q i«tin1in-fi. -vIl--amide 

According to general procedure A, the compound described in example If (100 mg) 
was alkylated with 2-chloroacetamide (24 mg) and CS2CO3 (325 mg) in DMF (5 ml). 
The product was purified by preparative HPLC (method A) and lyophilized from a 
mixture of CH3CN and water containing TFA to give the corresponding TFA salt 

Yield: 40 mg; MS-ESt [M+H]'^ = 562.6; HPLC: R* = 21 .63 min (method 2). 
Example 12 

Biphenvl-4-carboxvlic acid ri-acetvl-4>f4>allvlcari ^ftmovlme aioxv-phenvlV2.2.4- 
frime<hy Ul.23.4"tetrdlvdrOH^l "iio1iii-fi-y11-i^^ 

(a). r4-{l-Acetvl-6-[flyyhenvl-4- ^rh^tiv1>i^iiio 
qmnolin-4"Vl}phenoxv^acetic acid ter^-butvl ester 

A mixture of the compound described in example If (2.58 g), terf-butyl bromoacetate 
(826 \d), K2CO3 (2.8 g) and acetone (100 ml) was stirred for 18 h at 50 "^C. The solids 
were removed by filtration and the filtrate was concentrated in vacuo to give the 
product that was used without further purification in the next step. 
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Yield: 3^ g 

(b) . f4-{l"Acetvl-6->rn>iph«wl-4-carbciPvl>Tiii^ 
qMni(^Hti- 4"yl}pheiioxy)acetic acid 

Hie compoiind described in example 12a (3^ g) was stirred in anuxture of CH2CI2 and 
TFA (9/1 (vAr), 100 nd) for 3 h. Toluene (100 ml) was added and the mixture was 
concentrated m vacuo to give fhe cmde product, that was used without further 
purification. 

Yield: 3.3 g 

(c) . Biphenvl-4-carboxvHc acid ri"acetvl-4-r4-allvlcaAamovhnethoxv-ohenvlV2.2.4- 
^'meiii y1-l,23.4>tetrahvdrO"qumolin-6" Yl1-flmiHe 

General procedure B: To a solution of the compound described in example 12b (82 
mg), allylamine (37 mg) and DIPEA (226 fil) in CH2CI2 (5 ml) was added TBTU (84 
mg) at room temperature. If the reaction did not reach completion after 18 h, more 
TBTU and DIPEA were added. After contqpletion of die reaction water was added, the 
organic layer was separated, washed with brine, dried and concentrated m vacuo. The 
titie compound was purified by preparative HPLC (method A). 

Yield: 48 mg; MS-ESt |M+H]* = 602.4; HPLC: R* = 18.19 min (method 4). 
Example 13 

Biphenvl->4-carboxylic acid { 1 '■acetyl-4-f4-f isopropylcar bamnyUTi iethoxy)'»phenylV 
2^7^ 4-trim eth y1-1, 2 3,4-tetrahvdro-q\unolin-6-vl>'-ainide 

According to general procedure B, the comi>ound described in example 12b (82 mg) 
was treated with isopropylamine (38 mg), DIPEA (226 pi) and TBTU (84 mg) m 
CXI2C12 (5 mQ. The title compound was purified by preparative HPLC (metiiod A). 

Yield: 45 mg; MS-ESt [M+H]* = 604.6; HPLC: R* = 1 8.63 min (method 4). 
Example 14 

Biphenvl-4-carboxvlic acid \l-aceUlA-^4-diefhY ^''J*^n%n^^ 
trimethy l- 1 ,2.3>4-tetrahvdro-qumoIin-6-vn"amide 

According to general procedure B, the compound described in example 12b (82 mg) 
was treated with diethylamine hydrochloride (47 mg), DIPEA (226 \iL) and TBTU (84 
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n^) in CH2CI2 (5 ml) . The title oompound was purified by piepaaradve HPLC (method 
A). 

Yield: 51 mg; MS-ESt |M+H]* = 618.4; HPLC: Rt = 19.09 min (method 4). 
Example 15 

Biphenyl-4-carboxvlic acid ri-acetyl-2.2,4-trimethvlr4-(^4-{r f pY "^^'<^-^Y^"^^^^^^ 
f*ni^moy1 ]-me1faoxy>-pheDyft^ 

According to general procedme the con^und described in 0xanq>le 12b (82 mg) 
was treated with 4-picolylamme (70 mg), DIPEA (226 pi) and TBTU (84 mg) in 
CShCh (5 ml). The title confound was purified by preparative HPLC (method A) and 
lyophilized from a mixture of CH3CN and water containing TFA to give the 
corresponding TFA salt. 

Yield: 52 mg (TFA salt); MS-ESI: [M+H]^ = 653.6; HPLC: Rt= 11.31 min (method 4). 
Example 16 

Biphenvl-4-carboxvlic acid [l-acetyl-4-f4~irffuran-2-vlmethvlVcarbamovl1-methoxv>- 
phmylV2 ^2, 4-trime&yl-1^3.4-tetrahvdro -qiii'tio1itv^Yn^^ 

According to general procedure B, the compound described in example 12b (82 mg) 
was treated with 2-fiirfuiylamine (63 mg), DIPEA (226 pi) ai^id TBTU (84 mg) in 
CEI2CI2 (S ml). The title compound was purified by preparative HPLC (mefhod A). 

Yield: 50 mg; MS-ESI: (M+H]'" = 642.6; HPLC: Rt = 21 .31 min (method 3). 
Example 17 

Biphenvl-4-caifaoxvlic acid (l-acetyl-4- f 4-rf2-methoxv-ethvIcarbamovlVmetfaoxv1- 
phenvn-2.2.4"tcimethyl-1.2.3.4-tetrahvdr n.»qiTifin1in-fl-y1)-amid^ 

According to general procedure B, the compound described in example 12b (82 mg) 
was treated witibi 2-methoxyethylamine (49 mg), DIPEA (226 pi) and TBTU (84 mg) in 
CH2CI2 (5 ml). Hie title compound was purified by preparative HPLC (method A). 

Yield: 34 mg; MS-ESI: [M+H]'^ - 620.4; HPLC: Rt = 19.70 min (method 3). 
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Example 18 

Biphenvl-4-carboxvlic acid {l-aceM-4-r4^eD2rv^lcarh ftmny1-^ ethoKvVpheavn-^ 
trimethYl-L23>4-tetrahvdro- qiiiiinlw>fUy1}-.ainide 

According to general procedure B» the compound described in example 12b (82 mg) 
was treated with ben2ylamine (49 mg), DIPEA (226 ^1) and TBTU (84 mg) in CH2CI2 
(5 ml). The title compound was purified by preparative HPLC (method A). 

Yield: 53 mg; MS-ESI: EM+HJ"^ = 652.6; HPLC: Rt = 22,26 min (method 3). 
Example 19 

Biphenvl-4-carboxvlic acid fl^acetvl-4-{4-[ f2-Hmi<>tfiy1imiino,flfriiy 
methoxy]-phenyl}-2^^^,4-frimethyl-1.23,4-tetrahydio *qiiffl^1m 

According to general procedure fte compound described in example 12b (82 mg) 
was treated with jy;JV-.dimethylethylenediamine (49 mg), DIPEA (226 ^1) and TBTU 
(84 mg) in CH2CI2 (5 nal). The title compound was purified by preparative HPLC 
(method A). Lyophilization from a mixture of aqueous HCl and 1,4-dioxane afforded 
the title compound as a HClrsalt 

Yield: 1 1 mg CHCl-salt); MS-ESI: \M¥Hf = 633.4; HPLC: Rt = 13.74 min (method 3). 
Example 20 

Biphmvl-4"Carboxvlic acid ri"ace1ylr2,2.4-trimethvl-4-f4-mefevlcaifaamovhnefliox^^ 

phenvlV 1 JZ3 .4-tetra iiyHm.qninn1in-f;-y1]-fimiHe 

Accoiding to general procedure B, the compound described in example 12b (82 mg) 
was treated witii methylamine hydrochloride (20 mg), DIPEA (226 ^1) and TBTU (84 
mg) in CH2CI2 (5 ml). The title compound was purified by preparative HPLC (method 
A). 

Yield: 35 mgr, MS-ESI: [M+H]'^ = 576.4; HPLC: Rt = 19.25 min (method 3). 
Example 21 

Biphmvl-4-carboxvKc acid {l-acetvl-2J2.4-trimethvl-4-r4-f2-morDholin-4--sd-2-oxo 
ethoxvVphenvll-lJ2,3.4-tetirfivdrQ.^i'tin1nw#;-Yl^ 

According to general procedure B, the compound described in exanople 12b (1 10 mg) 
was treated vnfh morpholine (74 mg), DIPEA (296 fd) and TBTU (109 mg) in CH2CI2 
(5 ml). The title compound was purified by prq)arative HPLC (metiiod A). 

Yield: 85 mg; MS-ESL (M+H]'^ = 632.4; HPLC: Rt « 12.48 min (method 3), 
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Example 22 

JST" {l"Acetvl"2.2.4-trimethvl-4-r4-(3-morpholm^^ 
tetrahvdroKpitnoliii"6-vll-S"bromo»2-metfa^ 

(a) . (1 -Acetv1r2,2,4-trimp tliyU1 ^9.^diTiy^m-qiiiTin1iii-Ay1)-car^>ftmiG acid 9-fluoien- 
5 vlmethvl ester 

To a solution of the confound described in example Ic (17 g) and DIPEA (40 ml) in 
(JtbCh (100 ml), was added FmocCl (25 g) and the resulting mixture was stirred for 
18h at room temperature. Ethyl acetate (ca 200 ml) and water (ISO ml) were added, tiie 
organic layer was separated, dried and concentrated in vacuo. The title compound was 
10 purified by chiomatogrspl^y on silicagel using CBbCla as tibe eluent 

Yield: 16.6 g 

(b) ri-Acetvl"4-f4-methoxyphenvlV2.2.4-trMnethvl-l>23.4-tetrahvdroq^ 
mrhii mic add g- fhi^nylm ethvl ester 

15 While stirring, aluminum trichloride (24.2 g) was added to a mixture of the compound 
desoibed in example 22a (16.5 g) and anhydrous anisole (150 ml) and the resulting 
mixture was stirred at 35 "^C for 18 h. After this time, water was added at 0 °C and the 
resulting mixture was extracted wiHx ethyl acetate. The organic layer was separated, 
dried and partially concentrated in vacuo and the mixture was stored at 0 for 18 h. 

20 The formed precipitate was collected by filtration and dried in vacuo to give the titie 
con^und. 

Yield: 10.1 g. 

(c) f 1 -Acetvl-4-(4~hvdroxvphenvl)-^., ^ i 4-trim eth y1-1 ^2.3.4"tetrab yHrnqnmnltn-6-y1]- 
25 carbamic acid 9-fluorenvlmethvl ester 

To a mixture of the compound described in example 22b (10.1 g) in anhydrous CH2Clb 
(500 ml) was added dropwise boron tribrondde (5.05 ml) and the resulting mixture was 
stined fin* 2.5 h at room temperature. The reaction was quenched witii ice water at 0 ^ 
and CH2CI2 was added The organic layer was separated, dried and stored at 4 for 20 
30 h. The formed solids were collected by filtration and dried in vacuo to give the cmde 
product that was used without fiuther purification. 

Yield: 12.5 g. 
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(d) . l-Ar^tvl-(vaTniiio-2.2.4-trimethvl-4-r4-G-^^ 
1.2.3.4-te1rahvdroQiimoline 

A mixture of flie conipoiind described in example 22c (1.0 g), CS2CO3 (1,8 g), 4-(3- 
chloropropyl)morpholine (330 mg) and DMF (5 ml) was stirred at 60 ''C for 18 h. 
Water was added and fhe mixture was extracted with CH2CI2. The organic layer was 
dried and concentiated in vacuo. The title conq>ound was purified by chromatography 
on silicagel using CH2CI2/ 2% concentrated ammonia in MeOH = 1/0 => 9/1 (v/v) as 
tfaednent 

Yield 527 mg 

(e) . J\r-fl-Acetyl--2:2.4-trime1hvlr4>r4-f3-m orpholin-^^^ 

General procedure C: To a solution of fhe conq>ound described in example 22d (132 
mg), S-bromo-2-niethylammo benzoic acid (101 mg) and DIPEA (255 |il) in CH2CI2 (3 
ml) was added HATU (166 mg) at room temperature. The reaction mixture was stirred 
for 18 h at room terrqperature. Ethyl acetate (15 ml) and 2 M aqueous NaOH (15 nal) 
were added. The organic layer was separated and washed with 2 M aqueous NaOH (10 
ml) and water (15 ml), dried and concentrated in vacuo. The title compound was 
purified by preparative HPLC (method A). 

Yield: 69.8 mg; MS-ESI: [M+H]'^ = 663.4; HPLC: Rt » 14.65 mm (method 3). 
Example 23 

jy-{l"Acetylr2J2.4"trimethyl-4-f4-(3-moipholin-4-vl-propoxvVphenyl^ 
tetrahvdro-quinolin-6-vl}-3.5-dicMorO"2,^"Himethoxy-ben2ainide 

According to general procedure C, the compound described in example 22d (132 mg) 
was acylated with 3,5-dichloro-2,6-dimethoxybenzoic add (110 mg), DIPEA (255 ^il) 
and HATU (166 mg) in CH2CI2 (3 ml). The tide compound was purified by pr^aiative 
HPLC (method A). 

Yield: 68.3 mg; MS-ESI: (M+Hj^ = 684.3; HPLC: Rt = 13.45 min (method 3). 
Example 24 

Biphenvl--4-carboxvlic acid Tl -acetyl-4-f 4- (2-rffigan-2--'Vln iettiYl)-.flmifin' |^ethniry }- 
phenvlV2 ,^^,4-triniet hvl"l,23,4-tetrahvdro -qi™n1i 
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(a) . (4-{l-Ac€tyl-6-[fl>iphenvl^^ca^bo tly^^am111o ^^ 
qnnin1in- 4-vl)^phenoxytecetic acid ethvl ester 

A mixture of the confound described in exasxxple If (1 g), ethyl bromoacetate (220 (il), 
K2CO3 (850 mg) and acetone (25 ml) was stirred for 6 h at 50 ''C. The solids were 
removed by jBltration and the filtrate was concentrated in vacuo to give the product that 
was used without further purification in the next step. 

Yield; 1.2 g 

(b) . Biphenyl-4-carboxvlic acid { l-acetyl-4«[4-(2-hydioxyethoxy1phmvll-2^.4- 
trimeth yU 1 ,2,3.4-tetrahvdroquinolin-6-v1 }-ftffliHe 

To a solution of the compound described in example 24a (L2 g) in THF (10 ml) at 0 ®C 
was carefully added LiALH4 (78 mg), and the resulting mixture was stirred for 3 h at 
loom temp^erature. Ethyl achate (50 ml) was added dropwise, followed by water (50 
ml). The aqueous layer was separated and extracted with etl^l acetate (50 ml) and the 
combined organic firactions w^e washed with brine. The organic layer was dried and 
concentrated in vacuo to give the product that was used without fiirther purification in 
tiie next step. 

Yield: 1 g 

(c) . Methanesulfonic acid 2>f4- i l>acetvl-6-rfbiDhenvl-4-carbop y1)afinifin]-!>.^^,4- 
^•me^Y^"l-23.4"tetrahvdroqiunolin-4-vl}phenoxv^etiivl ester 

To a solution of the compound described in example 24b (1 g) and DIPEA (1.7 ml) in 
CH2CI2 (15 ml), was added dropwise a solution of methanesulfonyl chloride (310 [d) in 
CthPh (5 ml). After 2 h, water was added, the organic layer sepaiated, dried and 
concentrated in vacuo. The tctle com{>ound was purified by chromatography on 
silicagel using heptane/ed^l acetate - 9/1 => 1/1 (v/v) as the eluent. 

Yield: 870 mg 

(d) . Biphenvl-4"Carboxvlic acid ri"acetyl-4-f4-f2-rffur at^>7>y1m ftlhvri«-ftmmo]--ethnyy} - 
phenvlV2^>4-trfmefliyl -1.23.4-tetrahydro-quinQ liti^^yl]-gm^ 

General procedure D: To a solution of the compound described ui example 24c (87 
mg) in CH3CN (5 ml) was added 2-fi]rfurylan3ine (107 mg) and tiie resulting mixture 
was stirred at 70 for 18 h. The mixture was concentrated in vacuo and the product 
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was purified by preparative HPLC (meOiod A) and lyophilized from a ndbctore of 
CH3CN and water CQntaining TFA to give the corresponding TFA salt 

Yield: 47 mg (TFA satt); MS-ESI: [M+JJ^ = 628.6; HPLC: Rt = 1 1 .53 min (method 4). 
Example 25 

Biphenvl'4-carboxvlic acid ( 1 -acetvl-4- f 4-r2-f 2-hydroxy- 1 . 1 -dimet ^^ y^'^^^Y^^^^'^^V 
ethoxy]"phenvl} -2.2>4"trimetfayl-L23.4-tetrahvdro-qiiinolin-6-vR-a m 

According to general procedure D, the compound described in example 24c (87 mg) 
was treated with 2-ammo-2-metliyl-propan-l-ol (100 mg) in CH3CN (S ml). The tifle 
conqx>und was purified by preparative HPLC (method A) and lyophilized fiom a 
nuxture of CH3CN and water containing TFA to give the conesponding TFA satt 

Yield: 21 mg (TFA salt); MS-ESI: [M+H]'^ = 619.8; HPLC: Rt = 10.95 min (method 4). 
Example 26 

Biphenyl-4-carboxylic acid [1 -acetyl"2>2.4-trii nftt1i Y^>4-(4- {2-[(pyridin-'3-yhn fttliYl)- 
Arriino] ^thoxv> -phenvR- 1 >2,3>4-tetrahvdro-quinolin-^vll-amide 

According to general procedure D, the compound described in example 24c (87 mg) 
was treated with 3-aminometfayIpyridine (119 mg) in CH3CN (5 ml). The title 
compound was purified by preparative HPLC (mefliod A) and lyophilized fiom a 
mixtuie of CH3CN and water containing TFA to give tiiie corresponding TFA salt 

Yield: 40 mg (TFA salt); MS-ESI: [M+H]'' « 639,4; HPLC: lU = 10.15 min (method 4). 
Example 27 

Biphenvl-4-carboxylic acid fl 'acetvl-4" f4-[2-f2^hvdro yy-ethYM"^^"^)-^^^^^V 
phenvl)-2.2.4-trimethyH«2.3.4-tetrahvdro-quinolin-6-vlVamide 

According to general procedure the compound described in example 24c (100 mg) 
was treated with ethanolamine (100 mg) in CH3CN (5 ml). The title compound was 
purified by preparative HPLC (method A) and lyophilized fiom a mixture of CH$CN 
and water containing TFA to give the conesponding TFA salt 

Yield: 50 mg (TFA salt); MS-ESI: [M+H]* = 592.6; HPLC: R* = 10.32 min (method 1). 
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Exsimple28 

Biphenvl-4-carboxvlic add fl-aceM-4-l4-[2-f2--amip ft-^i^1ft™t^ft)^ 

According to general procedure the compound described in example 24c (100 mg) 
was treated with ethylenediamine (1 10 mg) m CH3CN (5 ml). The title compound was 
purified by preparative HPLC (mefliod A) and lyophilized fix)m a mixture of CH3CN 
and water containing TFA to give the corresponding TFA salt 

Yield: 45 mg (TFA salt); MS-ESI: [M+H]'^ = 591.4; HPLC: Ri = 7.04 mhi (method 1). 
Example 29 

Biphenvl-4-carboxvlic acid n-acetvl-2.2.4"trimethvl-4-r4"f2"DiDe mCTi.>l-Yl-e<l>"y^ 
phenviy 1 .23>4"tetiahydro-quin f>1iti-fi-Y^} -amirie 

According to general procedure D» the compound described in example 24c (100 mg) 
was treated with piperazine (140 mg) in CH3CN (5 ml). The title compound was 
purified by preparative HPLC (method A) and lyophilized fiom a mixture of CH3CN 
and water containing TFA to give the corresponding TFA salt 

Yield: 95 mg (TFA salt); MS-ESI: [M+H]^ = 617.6; HPLC: Rt = 9.54 min (method 1). 
Example 30 

Mnrphnlitifr^cflrhnxvlic arid f3-<4-ri-acetvl-6-f3.S-dicliloio-2 ,^HiniefhnTY- 
hftTimy1ftmhi oV2,2,4-trimeflrvl-1.23-44etn >hy^t^n 

(a). MQrpholine-4-carboxylic acid r3>-l4-ri-acetvl-6-amino-2.2,4-trimethvH.2.3.4-> 
tetrahydro -^iiTi0^ni" 4-ylVphenoxy)"propY ^>ftniiH^ 

According to the same procedure described in example 22d, the compound described in 
example 22c (1.0 g), was alkylated (with concomitant removal of the Fmoc protective 
group) with morphoUne-4-carboxylic acid (3-chloropropyl)amide (448 mg) using 
CS2CO3 (1.8 g) in DMF (5 ml). The tifle compound was purified by dbiomatography on 
silicagd using CKzCh/ 2% concmtrated ammonia in MeOH » 1/0 '=c> 9/1 (v/v) as the 
ehiiODt. 



Yield: 894 mg. 
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(b). Morpholme-4-caifeoxytic acid f3-f4 >[l-acetvl-6-f3,S-dicMoro-2.6-4ime1hn^^ 

According to general procedure C, the compotind described in example 30a (228 mg) 
was acylated with 3,5-dicliloio-2,6-dimethoxybenzoic acid (230 mg), DIPEA (558 ^1) 
and HATU (609 mg) in CH2CI2 (5 ml). The title compound was purified by preparative 
HPLC (method A). 

Yield: 102 mg MS-ESI: (M+m"^ - 727.4; HPLC: Rt = 2237 min (method2). 
Example 31 

J\r-n-Acetyl"2,2.4~trimethvM-r4-f2-morpholia-4-vl-ethox^^ 
tetrahydro-quinolin-6-yl>--3,5-dibromo-hen7amide 

(a) . 1-Ar.ftty1-^-aniitin-9.9 A-tnm^ 

tetrahvdroquinoline 

A noixtuxe of the compoimd described in example 22c (1.0 g), CS2CO3 (1.8 g), J^-(2- 
chloroethyl)-morpholine hydrochloride (375 mg), and DMF (5 ml) was stirred at 60 
for 18 h. The reaction did not reach completion and additional amounts of CS2CO3 and 
i^-(2-chloroethyl)-morpholine hydrochloride were added. After the reaction was 
complete, water was added and the mixture was extracted widi CH2CI2. The organic 
layer was dried and concentrated in vacuo. The title compound was purified by 
chromatography on silicagel using OhCh/ 2% concentrated ammonia in MeOH = 1/0 
=> 9/1 (v/v) as the eluent 

Yield: 905 mg. 

(b) . iy?^-fl-Acetvl-2.2.4-trimethvl--4-r4-.r2--morpholm-4-vl^^ 
tetrahydro-qninnTi>-^yl}-.3,5-dibroiwn-H«n^miHft 

According to general procedure C, the compound described in example 31a (157 mg) 
was acylated with 3,5-dibrombenzoic acid (150 mg), DIPEA (313 id) and HATU (204 
mg) in CH2CI2 (5 ml). The title compound was purified by preparative HPLC (method 
A). 

Yield: 71 mg (TFA salt); MS-ESI: [M+H]"' = 700.2; HPLC: Rt = 16.12 min (method 2). 
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Example 32 

JSr-{l-Acetyl-2,2,4-trimethvl-4-[4>f2-morphol^^ 
tetrahvdro-aTiinoliiir6-vn--'7^^1i1nr^T^^ 

According to general procedure C, the compound described in example 31a (150 mg) 
was acylated with 2-chlorob©Dzoic acid (81 mg), DDPEA (299 jil) and HATU (195 mg) 
in CHaCfe (6 ml). The title compound was purified by preparative HPLC (method A). 

Yield: 162 mg (TFA salt); MS-ESI: (MfH]^ = 576.4; HPLC: Rt = 9.37 min (mefliod 2). 
Example 33 

jy-{l*Acetylr2^.4"trimethyl-4-[4-(2-mQipholinr4>yl^ 
tgtrahvdro-quinolin-6-yU"3,S- HimftfhYl- .benzamide 

According to general procedure C, the compound described in exan^le 31a (200 mg) 
was acylated wifli 3,5-dimetfaylbenzoic add (103 mg), DIPEA (399 pi) and HATU 
(260 mg) in CH2CI2 (7.5 ml). The title compound was purified by preparative HPLC 
(method A). 

Yield: 57.5 mg (TFA salt); MS-ESt |M+H]* = 570.4; HPLC: Rt = 12.62 min (method 
2). 

Example 34 

N- { l-Acetvlr2,2>4-trimethvl-4-f 4-f 2-morpholhi-4-vlre^ 
tetrahvdro -qpniAliTw 6-yl}-2,5-dicMoro--b< ?n^"^i^e 

According to general procedme C, the compound described in example 31a (200 mg) 
was acylated with 2,5-dichlorobenzoic add (131 mg), DIPEA (399 jil) and HATU (260 
mg) in CH2CI2 (7.5 ml). The title compound was purified by preparative HPLC 
(method A). 

Yield: 130 mg (TFA salt); MS-ESI: [M+H]'' = 610.2; HPLC: Rt = 11.70 min (method 
2). 

Example 35 

jy>{l-Acctvl"2.2-4-trimethvl-4-f4-<2-natorpholinr^ 
tetrahvdri >-Ti^tno1tn -6-vll-5*methylr2"mti vwhenzim 

According to gmeral procedure C, Hie compound described in example 31a (157 mg) 
was acylated witii 5-mefhyl-2-mtrobenzoic acid (97.3 mg)» DIPEA (313 fil) and HATU 
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(204 mg) in CRzdi (5 ml). The tMe compoand was purified by preparative HPLC 
(melbodA). 

Yield: 80 mg (TFA salt); MS-ESI: [M+HrT = 601.4; HPLC: Rt = 9.95 min (method 2). 
Example 36 

5 N- f l-Acetvl-2,2.4-trimethvl-4-r4-f2-mQTphQlm-4->v l-^1h^ 
tetrahvdro-quir f>1ffl-fv. Yl}-benzamide 

According to general procedvue C, the compoxoad described in example 31a (157 mg) 
was acylated with benzoic acid (65.6 nag), DIPEA (313 jU) and HATU (204 mg) in 
CHaCk (5 nil). The tifle compoimd was purified by preparative HPLC (method A), 

10 Yield: 59 mg (TFA salt); MS-ESI: [M+H]* = 542.4; HPLC: Rt = 9.99 min (method 2). 
Examples? 

7Sr-fl-Acetvl-2,2,4-trime1favl-4-r4-f2-morpholm.4-vl-eflio 
fftfiyhyHrn-,qiiiii<;>1 m-6-yl>-4-ter ^butvl.-benzam 

According to goieral procedure C, the compoimd described in example 31a (161 mg) 
15 was acylated with 4-rert-butylbenzoic acid (99 mg), DIPEA (322 |id) and HATU (210 
mg) in CH2CI2 (5 ml). The title compound was purified by preparative HPLC (method 
A). 

Yield: 80 mg (TFA salt); MS-ESI: |M+H]^ = 598.2; HPLC: Rt = 15.39 min (method 2). 
Example 38 

20 ;sr-{l-Acetyl-2.2,4-1rimethvl-4-[4-r2-mor phn1in-^^ 
tetrAvdro-<p™<>li"-<>-Yl)-2.3-diddoro-benzamide 

According to general procedure C, the compound described in example 31a (161 mg) 
was acylated with 2,3-dichlorobenzoic add (106 mg), DIPEA (322 pT) and HATU (210 
mg) in CH2CI2 (5 ml). The title compound was purified by preparative HPLC (method 
25 A). 

Yield: 113 mg (TFA salt); MS-ESI: [M+H]^ - 610.2; HPLC: R* = 11.42 min (method 
2). 

Example 39 

J\r-.n>Acetvl--2.2.4-trimethvl^r4-(2-morDholin-4-vl-elho 
30 tetrahvdro-Qu iiinlin-6-vn-4-bromo-benzamide 
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According to gaieral procedure C, the coinpotind desmbed in ecample 31a (260 mg) 
was acylated wifli 4-bromobenzoic add (179 mg), DIPEA (517 jd) and HATU (338 
mg) in CH2CI2 (5 ml). The title compound was purified by preparative HPLC (method 
A). 

Yield: 127 mg (TFA salt); MS-ESI: (M+H]'" = 620:2; HPLC: R* - 12.24 min (method 
2). 

Example 40 

jy-ll-Acetyl-2.2-4-trimethvl-4-r4-f2-mQrpholin-4-vl.-e^ 
te1rahydro-^ wif ^1tn-6-yU-4-m ethf ^ 

According to general procedure C, the compound described in example 31a (260 mg) 
was acylated with 4-methoxy-3-methylbenzoic acid (148 mg), DBPEA (517 fd) and 
HATU (338 mg) in CH2CI2 (5 ml). The tide con^und was purified by preparative 
HPLC (method A). 

Yield: 158 mg (TFA salt); MS-ESI: [M+H]^ = 5862; HPLC: Rt = 11.49 min (method 
2). 

Example 41 

J\r-{l-Acetvl-2,2.4-trimethvl-4-r4-f2-morpholin-4-vl-ethox yl^^ 
tetrahvdrA.^^ iitin1ifi -6-vl}-4- ^™ftthYlfi^miti o-ben7Jimi 

According to general procedure C, the compound described in example 31a (260 mg) 
was acylated with 4-dimethylaminobenzoic acid (147 mg), DIPEA (517 ^1) and HATU 
(338 mg) in CH2CI2 (5 ml). The title compound was purified by preparative HPLC 
(method A). 

Yield: 95 mg (TFA salt); MS-ESI: [M+H]'^ = 585.2; HPLC: Rt = 9.53 min (method 2). 
Example 42 

J\r>{l-Acetvl-2^,4-trimethvl-4-r4-f2-morpholin-4-vl-elhoxvV^ ^ 
teti3hydro-quninlin-^yl}-3-triflnor AmArti^^^ 

To a solution of the compound described in exanq;»le 31a (260 mg) and pyridine (500 
(d) in toluene (4.5 ml) was added 3-(trifluoromethyl)benzoyl chloride (185 mg). Ethyl 
acetate (15 ml) and water (15 ml) were added. The organic layer was separated and 
washed with water (15 ml), dried and concentrated in vacuo. The title compound was 
purified by preparative HPLC (method A). 
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Yield: 200 mg (TTA salt); MS-ESI: [M+H]* « 6102; HPLC: R* = 13.23 max (method 
2). 

Example 43 

N' { l-Acetvl-2>2,4-trimethvl»4-r4"f2-morpholin-^vl-e& 1 2.3.4- 

5 tetirfivdrO "qi"ttn1i'n- 6-yB-3-iiitro-beiizamide 

To a solution of lOxe coiiq>oiiixd described in example 31a (260 mg) and pyridine (500 
yj) in toluene (4.5 ml) was added 3-nitrobenzoyl chloride (165 mg). Elhyl acetate (15 
ml) and water (15 ml) were added. The organic layer was separated and washed with 
water (15 ml), dried and concentrated in vacuo. The title compound was purified by 
10 preparative HPLC (method A). 

Yield: 167 mg (TFA salt); MS-ESI: [M+H]'' = 587.4; HPLC: = 10.28 min (method 
2). 

Example 44 
15 CHO-FSH in vitro bioactivity 

FSH activity of compounds were tested in Chinese Hamster Ovary (CHO) cells stably 
transfected with die human FSH receptor and cotransfected with a cAMP responsive 
element (CRE) / promotor directing the expression of a firefly luciferase reporter gene. 
Binding of ligand to the Gs-coupled FSH receptor will result in an increase of cAMP, 

20 which in turn will induce an increased transactivation of the luciferase reporter 
construct. To test antagonistic properties recombinant FSH in a concentration that 
induces approximately 80% of Ae maximal stimulation of cAMP accumulation in the 
absaice of test compound was added (rec-hFSH; 10 mU/ml). The luciferase signal was 
quantified using a luminescence counter. For test conq)ounds, ECso values 

25 (concentration of test compound causing half->maximal (50 %) stimulation or reduction) 
were calculated. For that purpose the software program GraphPad PRISM, version 3.0 
(GmphPad software Inc., San Etiego) was used. 

Compounds of all examples exhibited an EC50 (IC50) value of less than 10"^ M in either 
an agonistic or an antagonistic assay set-up or both. The compounds of examples 3, 4, 
30 7, 10-13, 16, 36, 37, 39, 41 and 42 showed an EC50 (ICso) of less than 10'^ M in at least 
one of the assays. 



